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ABSTRACT
We present the discovery of planet-mass companions to two giant stars by the ongoing Penn State-
Torun´ Planet Search (PTPS) conducted with the 9.2 m Hobby-Eberly Telescope. The less massive of
these stars, K5-giant BD+20 274, has a 4.2 MJ minimum mass planet orbiting the star at a 578-day
period and a more distant, likely stellar-mass companion. The best currently available model of the
planet orbiting the K0-giant HD 219415 points to a & Jupiter-mass companion in a 5.7-year, eccentric
orbit around the star, making it the longest period planet yet detected by our survey. This planet has
an amplitude of ∼18 m s−1, comparable to the median radial velocity (RV) “jitter”, typical of giant
stars.
1. INTRODUCTION
Searches for planets around giant stars offer an effective
way to extend studies of planetary system formation and
evolution to stellar masses substantially larger than 1M⊙
(Sato et al. 2003, 2008; Omiya et al. 2011; Hatzes et al.
2006; Do¨llinger et al. 2009b; Niedzielski et al. 2007,
2009; Quirrenbach et al. 2011). Unlike their progenitors
on the main-sequence, the cool atmospheres of evolved
stars produce many narrow spectral lines, making a ra-
dial velocity (RV) measurement precision of < 10 m s−1
possible.
The most conspicuous result of the RV surveys of
giants is the absence of short-period planets around
these stars. While hot Jupiters around main sequence
dwarfs are relatively common (eg. Wright et al. 2011),
the closest planets in orbit around giants detected so
far have orbital radii of ∼0.6 AU (Do¨llinger et al. 2009a;
Niedzielski et al. 2009). This effect is not seen in sub-
giant systems, which have at least one known hot Jupiter
(Johnson et al. 2010), and is most likely related to stellar
evolution (Villaver & Livio 2009; Nordhaus et al. 2010).
Typical periods for planets around giants are on the or-
der of one year or longer, requiring multiple years of ob-
servations to characterize their orbits. The longest such
period announced to date, detected by Do¨llinger et al.
(2009b) is just over three years. In this paper, we report
the detection of a planet in a nearly 6 year orbit around
HD 219415. In this case, we are close to encountering the
wide-orbit limit of planet detection, which results from
the sensitivity of the Doppler velocity method reaching
the noise level determined by the intrinsic RV jitter of
giant stars.
Another consequence of the systematically lengthening
time baseline of our survey is the growing frequency of
planet detection in binary systems. In addition to one
such case recently reported by Gettel et al. (2012), here
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we describe a planet around BD+20 274, which has an-
other, most likely low-mass stellar companion.
This paper is organized as follows. An outline of the
observing procedure and a description of the basic prop-
erties of the stars are given in Section 2, followed by the
analysis of RV measurements in Section 3. The accompa-
nying analysis of rotation and stellar activity indicators
is given in Section 4. Finally, our results are summarized
and further discussed in Section 5.
2. OBSERVATIONS AND STELLAR PARAMETERS
Observations were made with the Hobby-Eberly Tele-
scope (HET; Ramsey et al. 1998) equipped with the
High-Resolution Spectrograph (Tull 1998), in the queue-
scheduled mode (Shetrone et al. 2007). The spectro-
graph was used in the R = 60,000 resolution mode
with a gas cell (I2) inserted into the optical path, and
it was fed with a 2” fiber. Details of our survey,
the observing procedure, and data analysis have been
described in detail elsewhere (Niedzielski et al. 2007;
Niedzielski & Wolszczan 2008).
The atmospheric parameters of the two stars were
determined as part of an extensive study of the
PTPS targets described in the forthcoming paper by
Zielin´ski et al. (2012, Z12). A brief description of the
methodology employed in that work is also described
in Gettel et al. (2012). Measurements of Teff , log(g),
and [Fe/H] were made using the method of Takeda et al.
(2005a,b). With these values and the luminosities esti-
mated from available data, stellar masses were derived
by fitting the ensemble of parameters characterizing the
star to the evolutionary tracks of Girardi et al. (2000).
Stellar radii were estimated from either the log(L/L⊙)
- Teff or log(g) - M/M⊙ relationships. Typically both
methods yielded very similar values. Otherwise, the av-
erage values were computed.
The stellar rotation velocities were estimated by means
of the Benz & Mayor (1984) cross-correlation method.
The cross-correlation functions were computed as de-
scribed by Nowak et al. (2010) with the template pro-
files cleaned of the blended lines. Given the estimates
of stellar radii, the derived rotation velocity limits were
used to approximate the stellar rotation periods. The
parameters of the two stars are summarized in Table 1.
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3. MEASUREMENTS AND MODELING OF RADIAL
VELOCITY VARIATIONS
RVs were measured using the standard I2 cell calibra-
tion technique (Butler et al. 1996). A template spectrum
was constructed from a high-resolution Fourier trans-
form spectrometer (FTS) I2 spectrum and a high signal-
to-noise stellar spectrum measured without the I2 cell.
Doppler shifts were derived from least-squares fits of tem-
plate spectra to stellar spectra with the imprinted I2 ab-
sorption lines. Typical SNR for each epoch was ∼200,
as measured at the peak of the blaze function at 5936 A˚.
The RV for each epoch was derived as a mean value of 391
independent measurements from the 17 usable echelle or-
ders, each divided into 23, 4-5 A˚ blocks, with a typical,
intrinsic uncertainty of 6-10 m s−1 at 1σ level over all
blocks (Nowak 2012, in preparation). This RV precision
level made it quite sufficient to use the Stumpff (1980)
algorithm to refer the measured RVs to the Solar System
barycenter.
The RV measurements of each star were modeled in
terms of the standard, six-parameter Keplerian orbits,
as shown in Figures 1 and 2. Least-squares fits to the
data were performed using the Levenberg-Marquardt al-
gorithm (Press et al. 1992). Errors in the best-fit orbital
parameters were estimated from the parameter covari-
ance matrix. These parameters are listed in Table 2 for
each of the two stars. In the case of BD+20 274, the
estimated, ∼7 m s−1 errors in RV measurements were
evidently too small to account for the actually measured
post-fit rms residuals (Table 2), whereas for HD 219415
the two quantities had comparable values.
Giant stars are subject to atmospheric fluctuations and
radial and non-radial pulsations that may manifest them-
selves as an excess RV variability. In particular, the p-
mode oscillations can account for a significant fraction
of the observed post-fit RV noise (Hekker et al. 2006).
We estimate the amplitude of such variations using the
scaling relations of Kjeldsen & Bedding (1995, 2011).
The statistical significance of each detection was as-
sessed by calculating false alarm probabilities (FAP) us-
ing the RV scrambling method (Wright et al. 2007, and
references therein). The FAP for HD 219415 was cal-
culated for the null hypothesis that the planetary signal
can be adequately accounted for by noise. The FAP for
BD+20 274 was calculated for the null hypothesis that
it can be modeled as a fraction of a long-period, circular
orbit and noise.
3.1. BD+20 274
RVs of BD+20 274 (AG +20 153) are listed in Ta-
ble 3. They were measured at 43 epochs over a period
of 2550 days from October 2004 to October 2011. The
SNR values ranged from 170 to 312. The exposure time
was selected according to actual weather conditions and
ranged between 527 and 824 s. The estimated median
RV uncertainty for this star was 6 m s−1.
Radial velocity variations of BD+20 274 over a 7-year
period are shown in Figure 1. They are characterized
by a long-term upward trend, with the superimposed pe-
riodic variations. The best-fit Keplerian orbit model for
the periodic component, with the trend modeled as a cir-
cular orbit, is given in Table 2. For the assumed stellar
mass of 0.8 M⊙, the planetary companion has a mini-
mum mass of m2 sin i = 4.2 MJ , in a 578-day, mildly
eccentric orbit with a semi-major axis of 1.3 AU. The
FAP for this signal is < 0.01%.
Characterization of the orbit of the more distant com-
panion is difficult, as its period is much longer than the
time baseline of our measurements. As there is little
curvature to the observed trend, the most straightfor-
ward approach is to use the measured linear RV drift
rate, V˙ ∼0.81 m s−1day−1, to approximate the compan-
ion mass (in MJ) as a function of orbital radius from
(Bowler et al. 2010):
m2 ≈ 1.95
V˙
(1m s−1 day−1)
(
a2
1AU
)
(1)
This shows that, for a ≥ 3 AU the outer companion
becomes a brown dwarf and at a ≥ 7 AU the outer com-
panion has a mass of 80 MJ , becoming another star.
These limits can be further restricted with the ∼0.4 M⊙
minimum companion mass derived from the above pro-
visional fit of a partial circular orbit to the RV data for
BD+20 274.
The post-fit residuals for this model exhibit a large, 35
m s−1 rms noise. Assuming that this RV jitter is due
to solar-like oscillations, the Kjeldsen-Bedding relation
predicts an amplitude of ∼27 m s−1 for this star. To
account for these variations, we have quadratically added
30 m s−1 to the RV measurement uncertainties before
performing the least-squares fit of the orbit.
3.2. HD 219415
RVs of HD 291415 (BD+55 2926) were measured at
57 epochs over a period of 2650 days from July 2004
to October 2011 (Table 4). The SNR for these mea-
surements ranged from 150 to 290. The exposure time
ranged between 268 and 600 s. The estimated median
RV uncertainty for this star was 6.4 m s−1.
The radial velocity variations of HD 219415 over a 7-
year period are shown in Figure 2, together with the
best-fit model of a Keplerian orbit 3. At 5.7 years, this
orbit has the longest period of any planet detected by
our survey. For the assumed stellar mass of 1.0 M⊙, the
planetary companion has a minimum mass of m2 sin i =
1.0 MJ , in a 3.2 AU, eccentric orbit. The FAP for this
signal is < 0.01%.
The Kjeldsen-Bedding amplitude estimate for this star
is 1 m s−1. Because the post-fit residual of 9 m s−1
rms RV jitter is comparable to the formal measurement
error, there was no need to increase it to account for the
intrinsic RV variations.
4. STELLAR PHOTOMETRY AND LINE BISECTOR
ANALYSIS
Photometry and line bisector analysis, which are effi-
cient stellar activity indicators, have been routinely used
to verify the authenticity of planet detections by means
of the RV method (e.g. Queloz et al. 2001). As simul-
taneous photometric data are typically not available for
our targets, it is useful to correlate the time variability
of line bisectors and RVs, in order to obtain additional
information on a possible contribution of stellar activity
to the observed RV behavior. For example, even for slow
rotators like the two stars discussed here, a stellar spot
only a few percent in size could introduce potentially
Substellar-mass companions to two giant stars 3
detectable line profile variations (Hatzes 2002). On the
other hand, one must bear in mind that, in the case of
these stars, the instrumental profile width of 5 km s−1
is comparable to the rotational line broadening (Table
1), which restricts the diagnostic value of line bisector
analysis.
In order to investigate a possible contribution of stellar
jitter to the observed RV periodicities, we have examined
the existing photometry data in search for any periodic
light variations, and performed a thorough analysis of
time variations in line bisector velocity span (BVS) for
the two stars. In addition, assuming that the scatter seen
in the photometry data is solely due to a rotating spot,
we have used it to estimate the corresponding amplitude
of RV and BVS variations as in Hatzes (2002). The BVSs
were measured using the cross-correlation method pro-
posed by Mart´ınez Fiorenzano et al. (2005) and applied
to our data as described in Nowak et al. (2010). For
each star and each spectrum used to measure RVs at all
the observing epochs, cross-correlation functions (CCFs)
were computed from ∼1000 line profiles with the I2 lines
removed from the spectra. The time series for these pa-
rameters and the photometric data folded at the observed
RV periods for the two stars are shown in Figures 3 and
4.
4.1. BD+20 274
The photometry available for this star consists of 243
ASAS measurements (Pojmanski 2002) spanning the pe-
riod between MJD 52625 and 55166. These data give a
mean magnitude of the star of V = 9.34 ± 0.02. There
are also 44 epochs of usable photometric observations
of this star available from the Northern Sky Variabil-
ity Survey (NSVS; Woz´niak et al. 2004) with the mean
V = 9.11± 0.02. Neither of these time series exhibit any
periodic brightness variations.
The calculated mean value of the BVS for this star is
28.3± 30.7 m s−1. No correlation between the RV varia-
tions and those of the BVS was found with a correlation
coefficient of r = -0.14. The expected RV and BVS am-
plitudes due to a possible presence of a spot, estimated
from the photometric scatter, are 30 m s−1 and 6 m s−1,
respectively, which is much less than the observed vari-
ability.
4.2. HD 219415
Although the photometric data from two sources ex-
ist for HD 219415, neither offers a sufficient phase cov-
erage of this very long orbit. We have used 218 WASP
measurements (Pollacco et al. 2006) made between MJD
54388 and 54312, to obtain a mean magnitude of the star
of V = 9.17 ± 0.05. The additional 59 measurements
from NSVS averaged at V = 8.93± 0.03. Again, neither
of these data sets exhibit periodic brightness variations.
The mean value of the BVS for this star is −4.7± 26.8
m s−1 and a correlation between the RV and the BVS
is not significant, with a correlation coefficient of r = -
0.01. The photometry derived RV and BVS amplitudes
due to a presence of a spot are 21-34 m s−1 and 23-36 m
s−1, respectively and are comparable to the observed RV
variability. However, if the radial velocity variations of
HD 219415 were caused by a starspot, the period of the
signal would be approximately equal to the stellar rota-
tion period. While our period estimate of ∼140±1200
days is highly uncertain, it is clearly inconsistent with
the observed RV variations of the star.
5. DISCUSSION
In this paper, we report detections of periodic RV vari-
ations in two K-giant stars from the list of targets mon-
itored by the PTPS program. The accompanying analy-
ses of the photometric data, as well as of the time vari-
ability of line bisectors indicate that the most likely origin
of the observed periodicities is the Keplerian motion of
planet-mass companions.
The selection criteria of our survey have been designed
to reject targets that show a RV ramp of > 1 km s−1 in
preliminary measurements over the period of 2-3 months.
However, stars with a ramp of < 1 km s−1 over that time
are continued to be observed, if they exhibit > 20 m s−1
RV scatter around this trend. This has the net effect
of rejecting close binaries, but allowing the detection of
planets in wide binary systems. Indeed, several of the
planetary systems detected by PTPS, including BD+20
274, show long-term radial velocity trends with linear
drift velocities of order 1 m s−1 day−1, suggesting that
these stars have binary companions. While the dynam-
ical constraints from these partial orbits are not highly
restrictive, further information about the secondaries can
be obtained by examining the stellar spectra.
The spectra of BD+20 274 do not show signs of lines
from a second star, even in the stellar template which has
S/N = 355. If we assume that the companion must have
S/N ∼10 to be detectable, this suggests that the lumi-
nosity ratio between the two objects is of order ∼1300,
or about 8 magnitudes. As the absolute magnitude of
a typical giant star is Mbol = 0.08, the maximum mass
of a MS companion is 0.5 M⊙. By examining the cross-
correlation function used in the line bisector measure-
ments in the manner of Queloz (1995), this estimate can
be further restricted. Using the many lines in the CCF
template increases the signal, giving a detectable line
intensity ratio for the two stars of ∼ 3200. This corre-
sponds to a secondary that is ∼9 magnitudes fainter, or
about 0.3 M⊙ for a main sequence star. Both these limits
are consistent with those discussed in Section 3.
The range of orbital radii of planets discoverable
around giants is restricted by stellar evolution and
the
√
a minimum mass scaling of the Doppler velocity
method. Indeed, no planet around a K-giant with an
orbital radius smaller than 0.6 AU has been detected
so far (Do¨llinger et al. 2009a; Niedzielski et al. 2009), in
general agreement with the theoretical estimates based
on the influence of tidal effects and stellar mass-loss on
orbital evolution (Villaver & Livio 2009; Nordhaus et al.
2010; Kunitomo et al. 2011). At the other end of the
range of orbital sizes, the HD 219415 planet reported
in this paper illustrates the detectability limits of wide
orbit, long-period planets imposed by the enhanced in-
trinsic RV jitter in giants. This effect has been studied
by Hekker et al. (2006), who have demonstrated that the
rms RV noise of K-giants has a median value of ∼20 m
s−1 and it tends to increase toward later spectral types.
Both these limits are outlined in Figure 5. Evidently,
planets down to the Saturn-mass should be easily de-
tectable around early giants over the 0.1-0.5 AU range of
orbital radii, but their existence is apparently impaired
by the dynamical effects of stellar evolution. For wide
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orbits, a 1 MJ planet around a 2 M⊙ star would have
a RV signal of <20 m s−1 for a ≥ 1 AU, and could be
buried in the intrinsic RV noise of a late-type giant. This
detection threshold will become more important as the
time baseline of the ongoing giant surveys continues to
expand, and it will eventually place a practical upper
limit on long-period planet detection around the evolved
stars.
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Table 1
Stellar Parameters
Parameter BD+20 274 HD 219415
V 9.36 8.94
B-V 1.358 ± 0.067 1.002 ± 0.027
Spectral Type K5 III K0 III
Teff [K] 4296 ± 10 4820 ±20
log(g) 1.99 ± 0.05 3.51 ± 0.06
[Fe/H] -0.46 ± 0.07 -0.04 ± 0.09
log(L⋆/L⊙) 1.96 ± 0.18 0.62 ± 0.15
M⋆/M⊙ 0.8 ± 0.2 1.0 ± 0.1
R⋆/R⊙ 17.3 ± 0.9 2.9 ± 0.4
Vrot[Km/s] 2.0 ± 1.5 1.1 ± 1.5
Table 2
Orbital Parameters
Parameter BD+20 274 b HD 219415 b
P [days] 578.2±5.4 2093.3±32.7
T0 [MJD] 53920.5±33.2 53460.9±57.7
K [m/s] 121.4±6.4 18.2±2.2
e 0.21±0.06 0.40±0.09
ω [deg] 108.5±38.1 207.0±12.3
m2sin(i) [MJ ] 4.2 1.0
a [AU] 1.3 3.2
χ2 1.7 2.0
Post-fit rms [m/s] 35.8 8.8
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Table 3
Relative RVs of BD+20 274
Epoch [MJD] RV [m s−1] σRV [m s
−1]
53299.17090 -1446.2 8.7
53629.46776 -1122.8 6.2
53954.38543 -946.8 5.3
54014.22433 -971.8 4.7
54057.10443 -847.7 5.1
54067.27214 -793.8 6.2
54073.24994 -782.8 5.6
54338.32091 -325.7 6.5
54359.47756 -354.9 6.6
54377.41906 -348.7 5.7
54407.14137 -376.1 6.1
54442.05559 -319.7 5.4
54504.07923 -350.3 6.3
54670.41663 -321.2 6.7
54723.28207 -288.9 6.2
54743.23171 -171.8 6.9
54758.18574 -182.2 7.0
54773.34312 -82.4 8.3
54830.18984 -14.2 7.0
54861.11542 37.2 7.3
55048.39243 115.1 6.8
55073.31980 -0.9 7.8
55074.30710 58.4 5.7
55102.23907 36.0 5.4
55410.38790 464.9 4.7
55412.38876 400.3 4.9
55413.39281 437.3 5.1
55416.37806 400.5 5.1
55467.22365 476.2 8.5
55468.23303 473.3 5.8
55475.42403 489.0 4.5
55482.20431 532.5 6.8
55491.17869 467.0 6.4
55520.28880 540.6 6.8
55526.27547 495.8 7.0
55530.27249 592.9 7.0
55538.04299 508.4 7.6
55552.22245 549.1 6.3
55566.17674 572.6 5.9
55571.16468 561.7 7.2
55760.43565 483.4 5.7
55789.35501 469.6 5.2
55847.39550 646.4 5.0
8 Gettel et al.
Table 4
Relative RVs of HD 219415
Epoch [MJD] RV [m s−1] σRV [m s
−1]
53187.40006 -11.7 7.6
53525.43966 -1.5 8.8
53545.42248 -23.1 7.6
53626.17152 -16.5 7.7
53627.17216 -5.7 6.2
53629.17049 -1.1 6.6
53629.35712 -21.3 6.7
53633.15274 -14.5 7.3
53635.15738 -20.4 5.7
53641.13173 -6.3 6.3
53642.13987 -2.4 6.9
53655.10601 6.7 6.5
53663.25945 11.8 7.0
53892.44493 1.0 7.4
53892.44889 5.7 6.7
53892.45286 21.5 5.8
53895.43792 12.3 7.2
53895.44190 18.2 6.7
53895.44587 14.0 6.4
53899.40469 10.5 7.1
53899.40864 13.5 7.2
53899.41261 10.3 8.4
53901.42493 8.6 12.8
53901.42890 22.7 10.5
53901.43287 5.1 12.1
53904.43579 -0.3 5.4
53904.43976 -7.4 5.9
53904.44373 5.1 5.5
53911.40384 10.9 5.6
53911.40817 8.1 5.1
53911.41250 2.3 5.0
54076.13801 2.6 6.0
54096.08539 23.3 7.3
54347.41372 -3.7 6.8
54375.32882 4.5 5.1
54400.07298 3.8 5.8
54426.18997 20.2 6.0
54454.10736 17.8 7.7
54698.44253 7.5 6.3
54727.35885 16.3 7.3
54755.10432 -6.4 6.9
55049.45800 -0.8 5.8
55084.39427 -11.1 5.9
55110.30134 -17.7 7.4
55199.05491 -0.3 7.8
55444.20009 -18.0 6.0
55468.13783 -37.3 6.0
55730.42347 13.8 5.7
55749.36916 -8.1 6.1
55758.34505 -6.1 6.2
55768.29091 -12.5 5.6
55779.46525 1.0 6.5
55796.43008 -5.2 4.6
55813.22070 -4.1 5.7
55821.17612 2.0 6.3
55830.32469 0.5 6.2
55840.30572 -7.1 6.0
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Figure 1. Top: Radial velocity measurements of BD+20 274 (circles) and the best fit model consisting of the circular orbit of a long-
period companion, and a 578-day planetary orbit (solid line). Middle: The RV measurements and best fit model after the subtraction of
the long-term circular orbit. Bottom: The post-fit residuals for the two orbit model.
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Figure 2. Top: Radial velocity measurements of HD 219415 (circles) and the best-fit of a single planet Keplerian model (solid line).
Bottom: The post-fit residuals for the single planet model.
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Figure 3. BD+20 274 data folded at the best-fit orbital period. From top to bottom: (a) Radial velocity measurements after the removal
of the outer orbit, along with the best fit inner planet model (b) Bisector Velocity Span (m/s) (c) ASAS photometry.
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Figure 4. HD 219415 data folded at the best-fit orbital period. From top to bottom: (a) Radial velocity measurements with the best fit
model (b) Bisector Velocity Span (m/s) (c) WASP photometry.
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Figure 5. Discovery space for RV planets around dwarfs (open circles) and giant stars (filled circles). A detection sensitivity for typical
jitter amplitudes in early giants (∼20 m s−1)with an assumed mass of 2 M⊙ is indicated by the dashed line. The shaded region marks the
range of minimum orbital radii predicted by theory. The dash-dotted line at 10 R⊙ marks the typical radius of an early giant. The solid
lines mark the discovery space for planets around giants. The star marks HD 219415.
